Background: The $1.1 billion investment in comparative effectiveness research will reshape the evidence-base supporting decisions about treatment effectiveness, safety, and cost. Defining the current prevalence and characteristics of comparative effectiveness (CE) research will enable future assessments of the impact of this program.
Introduction
Comparative effectiveness (CE) research is the ''generation and synthesis of evidence that compares the benefits and harms of alternative methods to prevent, diagnose, treat and monitor health conditions in 'real world' settings''. [1] Recognizing that the evidence-base for the practice of medicine is often built on studies lacking active comparators and therefore falls short in supporting either high quality care or healthcare reform, there is now substantial focus on and investment in CE research. [2] In the United Kingdom, for instance, the National Institute for Health and Clinical Excellence compiles and disseminates CE and costeffectiveness data to support diagnostic and therapeutic decisions. [3, 4] Similar agencies in Canada and Australia-the Common Drug Review and the Pharmaceutical Benefits Advisory Committee, respectively-provide information on the effectiveness and cost of pharmaceuticals, specifically, compared to relevant alternatives. [5, 6, 7] In the United States, CE research was recently appropriated $1.1 billion through the American Recovery and Reinvestment Act of 2009. [1, 8] This funding reflects the growing awareness that improved data is needed on the relative benefits of therapies to enable patients and clinicians to make informed decisions and to reduce gross geographic variations in healthcare allocations seen across the United States. [9, 10] In order to envision how the evolution of CE research will shape the evidence-base for future healthcare delivery, we sought to leverage a novel data source of clinical trials-the web-based registry ClinicalTrials.gov-and measure the prevalence of CE research and characterize current CE research activity. We focus our empirical study on research conducted in the United States where the concerted effort to expand CE research has not yet had a substantial impact on studies performed. Specifically, we examine research areas highlighted in the 2009 Institute of Medicine (IOM) list of 100 priority topics deemed to be most pertinent to improving the health of the population, commissioned by the United States Congress to inform the initial investment in CE research. [11] Since we focus on research activity in the United States, we limit our study to trials registered in ClinicalTrials.gov, which is the primary registry employed by investigators in the United States and which has previously been used to define and study large trial cohorts. [12, 13] To begin to anticipate the impact of the investment in CE research, we determine the prevalence of CE research to date, the types of interventions studied, and the role of funding sources sponsoring CE research.
Methods

Selection of Clinical Studies
We examined the 15 research areas among the top 25 topics on the IOM list of priority areas that addressed specific diseases or conditions as opposed to strategies for delivering care or diagnostic and treatment approaches for broad groups of conditions (Table   S1 ). [11] We identified studies pertaining to these research areas in ClinicalTrials.gov, selecting trials that were registered between January 1, 2007 and April 26, 2010 (date of data download from ClinicalTrials.gov) and that were conducted in the United States (Figure 1 ).
ClinicalTrials.gov is a web-based registry of clinical studies that provides a publicly available source of information on clinical studies conducted in the United States and internationally. [14] In 2005, the International Committee of Medical Journal Editors instituted a policy requiring prospective registration of all trialsregardless of intervention type-as a prerequisite for publication, resulting in a dramatic increase in the registration of trials and sustained wide-spread use since then. [15, 16] In addition, under the FDA Amendments Act of 2007, the FDA requires the registration in ClincialTrials.gov of all clinical investigations (except phase I trials) of a drug, biologic, or device that is subject to FDA regulation, regardless of trial design. [17] Users can query the registry and identify specific types of trials using a search function that includes keyword searches. We employed keywords identified from published systematic reviews on the diseases or conditions of interest (Table S1 ). Studies selected using this search strategy were individually reviewed and those included that directly addressed the research topics of interest.
Definitions and Data Extraction
CE studies were defined as those comparing the experimental intervention to another active therapy as opposed to a placebo control or no comparator. [18] Both the experimental treatment and the comparator were classified as an intervention involving a drug, device, procedure, behavioral change, or other treatment (e.g. dietary supplement). Active comparator studies were defined as studies that compared two treatment alternatives, including ''optimal usual care'' when these reflected appropriate current practice and standards. [2, 11] In determining the type of comparator employed, we did not rely on the investigator-assigned study labels in ClinicalTrials.gov but rather examined the detailed description of the study in the record.
The data elements obtained from the ClincialTrials.gov entry and recorded for each study were registration date, study start and completion dates, experimental treatment under study, comparator type, trial phase for drug and device studies, funding source, outcome measures, anticipated enrollment number, subject age groups, and elements of the study design.
Study outcome measures are specifically listed in the study record as primary and secondary outcomes and we determined whether these included measures of safety, including any side effects, adverse events, or other potential harms or risks related to the intervention, or cost assessments, including formal costanalyses and general measures of resource utilization. For 17 studies that did not include specific outcome measures in the study record, we reviewed the study descriptions to identify the inclusion of safety and cost assessments.
Funding source was classified as government, industry, or nonprofit based on the funding sponsors listed in the record. We categorized ''NIH'', ''U.S. federal'', and ''other government'' as government funding; ''industry'' as industry funding; and ''network'', ''individual'', and ''other'' (which includes universities, hospitals, foundations, and other nonprofit organizations) as nonprofit funding. [12] We applied this classification to primary and secondary funding sources. Subject ages are categorized in the registry as ''Child'' (up to 17 years), ''Adult'' (18 to 65 years), ''Senior'' (66 years and older), and combinations of these groups. We re-coded these data into a three-level variable of children only, children and adults/seniors, and adults/seniors.
Classification of experimental intervention, comparator type, and safety and cost assessments were performed independently by two of the authors (F.B. and S.M.) and disagreements resolved by consensus.
Assessment of Study Outcomes
Publications associated with studies were identified using a previously described method. [12] Briefly, for studies that did not include results or a reference to a publication within the CinicalTrials.gov record, four electronic databases were searched. These included PubMed, the Cochrane Library, EMBASE, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL). All searches were finalized by August 31, 2010. Each publication was reviewed and the results for the primary outcome classified as favorable (i.e. statistically significant based on P values or confidence intervals) or not favorable (i.e. not statistically significant) for the experimental treatment. For studies without a comparator or statistical analysis, the classification was based on the interpretation of the results provided in the study conclusions. Publications that did not describe results pertaining to the efficacy or safety of the intervention were classified as ''neither''. Two of the authors (F.B. and S.M.) independently performed the outcome classification and resolved disagreements by consensus. Inter-coder agreement for assigning study outcomes was good with a kappa of 0.78 (95% CI, 0.65-0.91).
Statistical Analysis
We calculated the proportion of studies that were CE studies and compared study characteristics for CE and non-CE studies. Sub-analyses were performed on CE studies based on funding source. Trials examining a pharmaceutical intervention were also specifically examined and CE and non-CE studies compared. Chisquare and Kruskal-Wallis tests were used to compare categorical and median values, respectively. We used the Cochran-MantelHaenszel test to control for funding source when examining study outcomes. All data were analyzed with SAS software (version 9.2, SAS Institute Inc., Cary, North Carolina).
Results
Of the 3167 studies retrieved from ClinicalTrials.gov, 1035 were included in the final study sample after reviewing the study description ( Figure 1 Study characteristics are presented in Table 1 . In half the studies examined (49.9%), the experimental treatment consisted of a pharmacological therapy and in 18.3% a behavioral intervention. The distribution of experimental treatments differed for the different study types, with drug treatments more likely to be studied with a placebo or no intervention (P,0.001). Studies with active comparators were more likely to be in advanced phases (Phase 3 or 4; P,0.001), to employ larger sample sizes (P,0.001), and to be longer in duration (P = 0.02). Fewer studies with active comparators included a primary safety outcome (8.2% vs. 14.0% and 23.8% for placebo-controlled and no comparator studies; P,0.001) and only 3.5% included a cost assessment.
Impact of Funding Source on Characteristics of CE Studies
The distribution of primary funding sources was similar among CE and non-CE studies (Table 2) . Overall, 71.8% (n = 166) of CE studies were funded by non-commercial sources, including government and nonprofit organizations. CE studies were more likely to include government funding (32.5% compared with 22.9% of non-CE studies, P = 0.003) and less likely to include industry funding (37.2% compared with 46.4% of non-CE studies, P = 0.01).
We further examined study interventions and other characteristics for CE studies based on funding source (Table 3) . Among CE studies funded primarily by industry, 95.4% involved the study of a drug or device and most compared the intervention to another drug or device (90.8%). Primarily industry-funded CE studies involved the largest anticipated sample size (median of 324 subjects vs. 175 and 100 subjects for government and nonprofit funding, respectively; P,0.001), were the least likely to enroll pediatric subjects (7.6% vs. 37.5% and 17.3% for government and nonprofit funding, respectively; P,0.001), and were the shortest in duration (median length 1.8 years vs. 3.0 and 2.4 years for government and nonprofit funding, respectively; P,0.001).
Studies with any type of government funding were less likely to study a drug or device (P,0.001) and more likely to include children (P,0.001) and be longer in duration (P,0.001).
Government funding was not associated with an increase in the study of safety or cost outcomes.
Pharmaceutical and Device Studies and CE Research
Among the subset of 516 studies examining a pharmaceutical intervention, 86 (16.7%; 95% CI, 13.4%-19.9%) were CE studies and 430 (83.3%; 95% CI, 80.1%-86.6%) were non-CE studies.
Government sources provided primary funding for 11.6% (n = 10) and industry for 52.3% (n = 45) of CE drug studies (Table 4) . CE studies were less likely to include a safety outcome compared with non-CE studies (P,0.001), involved larger anticipated sample sizes (median of 238 subjects vs. 80 subjects; P,0.001), and were less likely to be double-blinded (66.7% vs. 92.7%; P,0.001). Device studies included 32 (26.4%; 95% CI, 18.6%-34.3%) CE studies and 89 (73.6%; 95% CI, 65.7%-81.4%) non-CE studies. Government was the primary funding source for 6.2% (n = 2) and industry 53.1% (n = 17) of the CE device studies.
CE Study Outcomes
Results were identified for 115 (11.1%) studies. A total of 8/23 (34.8%) reports described positive findings for studies with active controls compared with 66/84 (78.9%) among non-CE studies (12/32 [73.9%] placebo-controlled trials and 6/32 [84.2%] trials without controls) (P,0.001). Among trials primarily funded by industry, 33/41 (80.5%) reported positive findings compared with 41/66 (61.7%) among all others (P = 0.04). After controlling for primary funding source, CE studies remained less likely to report positive findings (P,0.007 for Cochran-Mantel-Haenszel test). Among CE studies involving a drug therapy, findings were positive for 30.0% (n = 3) of CE studies compared with 81.6% (n = 40) of non-CE studies (P,0.001, Cochran-Mantel-Haenszel test controlling for primary funding source). None of the CE studies examining devices and 71.4% (n = 5) of non-CE studies involving devices reported findings favorable for the device (P = 0.04).
Discussion
We provide a benchmark for the current state of CE research, demonstrating that for conditions deemed as highest priority by the IOM, less than a quarter of studies examined comparative effectiveness. The majority of CE studies were funded by government and nonprofit sources and outcomes were less likely to be positive for the experimental intervention among CE trials compared with non-CE trials. Funding sources had a substantial impact on the characteristics of CE studies, with industry-funded trials focusing primarily on drugs and devices and those funded by noncommercial sources addressing more diverse types of interventions. Industry-funded trials also differed in trial design with larger sample sizes, fewer studies involving pediatric patients, and shorter study periods. Only a small proportion of CE studies address safety and cost outcomes, highlighting an opportunity for government-sponsored CE research to play a significant role. [2, 19, 20, 21] Regardless of funding source, CE studies are less likely to examine safety outcomes, particularly among drug studies, demonstrating an emphasis on measuring treatment efficacy over measuring treatment risks and adverse events. Cost assessments are currently rare for both CE and non-CE studies across all funding sources.
Hochman et al previously found low prevalence of CE studies and a higher rate of positive outcomes among non-CE studies of pharmaceuticals compared with CE studies. [18] Using a comprehensive and growing data source of recent and ongoing research activity, our results corroborate those findings. We further demonstrate that the low prevalence of CE research and differences in outcomes exist across CE studies with a broad array of interventions and that characteristics of CE studies vary substantially based on the funding source sponsoring the study.
With an ever-expanding list of diagnostic and therapeutic options, CE studies fill an important gap in informing clinicians whether an intervention is superior to existing and familiar alternatives. Our findings suggest characteristics of CE research that may produce specific shifts in the evidence-base towards more critical and comprehensive assessments of the intervention under study. From our findings, we extrapolate that the projected increase in the number of CE studies-particularly studies of drugs and devices funded by noncommercial sources-will increase the proportion of studies that fail to support adoption of the experimental treatment. We base this prediction on two findings.
The first is that CE studies are less likely than non-CE studies to report results that promote the use of the experimental intervention, reinforcing that this study design may produce more conservative results in terms of the superiority of a therapy compared to other treatments. Trials with inactive comparators have previously been shown to have a greater likelihood of achieving favorable findings. [18, 22, 23] Drug and device studies that employ non-active comparators and yield favorable outcomes may encourage the adoption and use of the experimental intervention even though information is lacking on how the drug or device compares to current standards of care. [23] Secondly, while noncommercial sources funded 71% of CE studies overall, industry funded the majority of CE drug and device studies, which biases toward results supporting the use of a product. [24, 25, 26, 27] Industry trials investigating drugs and devices are typically designed and conducted by the company marketing the product and there is substantial and welldocumented evidence that these studies are more likely to report findings supporting the efficacy and safety of the product than noncommercially funded studies. [12, 24, 25, 28, 29, 30] In our study sample, industry-funded studies were more likely to report an outcome favoring the use of the intervention than noncommercially-funded studies, and only 17% of drug studies and 26% of device studies used an active comparator. Research on drugs and devices would benefit from greater participation of non-stakeholders-such as government sponsors-as well as greater oversight in study design in order to ensure rigorous and valid assessments of the effectiveness of these treatments. [31] There are several factors critical to ensuring the success of the new CE research initiative and the ability of CE research to improve clinical decision-making. Methodologically, CE studies must be large enough and have a sufficient patient follow up period to demonstrate not only equivalence, but superiority of one treatment compared to another. [32] Randomized controlled trials, which are typically designed to ascertain the efficacy of an intervention in select patient populations and tightly controlled settings, may not reflect real-world outcomes or be generalizable to routine clinical practice, which is one of the defining principles of CE research. By contrast, pragmatic clinical trials and observational studies may provide results that are directly pertinent to clinicians and patients choosing between available therapies. [33] In addition, comparative efficacy data must be timely and available prior to the widespread adoption of new products or interventions, as the lack of comparative evidence has resulted in the extensive use of a number of treatments later found to be less efficacious or safe than existing alternatives. [20, 31] A limitation of our study is that outcomes data are not available for all studies since we chose to examine recent and ongoing studies, in order to ensure that our findings are most pertinent to the current state of CE research. However, it is unlikely that systematic bias produced our finding that CE studies are more likely to yield favorable outcomes. This finding is supported in prior literature and the sample of published results is of sufficient magnitude to demonstrate important and statistically significant differences in reported outcomes. [18, 22] We were not able to verify the accuracy of data provided by investigators, but information such as experimental treatment, comparator type, and funding source, are likely properly and reliably reported. Finally, there are some missing data in ClincialTrials.gov, including anticipated sample size for 1% of trials and study duration for 17% of trials.
In conclusion, less than a quarter of studies use an active comparator to measure the CE of the treatment under investigation. Based on outcomes reported in CE and non-CE studies, CE studies in general appear to provide more rigorous assessments of the interventions under study. Boosting noncommercial funding of CE studies may be particularly critical to drug and device studies in order to ensure unbiased data on how the intervention compares to other available treatments. Further study is necessary to understand the impact of CE research on healthcare reform and cost, as there is a risk when new treatments face a higher barrier to acceptance that some innovation may be slowed and development costs increased. On the other hand, we can expect that CE research will provide physicians and patients with substantially stronger evidence about which therapies are effective. 
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